Abstract: This study has explored the forrnant frequency and durational characteristics of American English vo~vels produced by native speakers of Luso-Portuguese, and examined these measures in light of the identification of those speakers' vowel productions by native speakers of American English. The average F 1 and F2 frequencies follo~ved a pattern generally similar to that reported for the vowels of American English.
INTRODUCTION
Learning a new language requires mastering the phonetic as well as lexical and syntactical aspects of the new language. As part of a study of second-language learning, we have explored formant frequency and durational characteristics of American English vowels produced by native speakers of Luso-Portuguese, and examined these measures in light of the identification of those speakers' vowel productions by native speakers of American English.
METHODS
One male (Subject M) and two female (Subject F and Subject~adult bilingual Luso-PortugueseEnglish speakers participated in this study. They produced four repetitions of the 10 monosyllabic English 'words' (heed, hid, head, had, hod, hawed, hood, who'd, bud, heard, with the vowels b1&~amuA3~/, respectively), in random order. Thus, there were 40 words for each subject. The recordings were digitized using SoundDesigner 11 software with an audiomedia board on a Macintosh Quadra 800 computer. Vowel duration and F 1 and F2 fiequencymeasurements were made using Signalyze 2.47 sotiare. Waveforms and synchronized spectrograms were displayed on a time scale in which 1 pixel represented Ims. Spectral analysis used an 8ms/125Hz filter setting; spectrograms and spectra were displayed on a O-4000HZscale. Whenever possible, formant frequencies were measured within the first 100ms of the vowel, to avoid formant transitions for/d/and any regions of diphthongal offglides (especially for /o~.
Vowel duration was measured on the spectrographic display from the beginning of glottal pulsing following~/ to the end of F2 and higher formant frequency energy (at the /d/closure). F 1 and F2 frequencies were measured for each token. Measurements were made for each of the 160 tokens (40 vowels per speaker for 4 speakers).
RESULTS
All of the average F 1 and F2 frequencies ( Table 1) followed a pattern generally similar to that reported for the vowels of American English (1), with the exception of average F2 frequency for Subject J, which was lower than expected. Inspection of the vowel space F I-F2 frequency plots of the individual tokens revealed overlap of tokens of different intendedvowels.
For Subject F, the average F I frequency of/A/ was very similar to that of/~/and /a~firthemore, the average F2 frequency of/~/ was unexpectedly low, suggesting a more retracted vowel. For this subject, /A/ was, not surprisingly, ofien identified as /=/ and /o/ by listeners (2). Also for this subject, /@/ and /u/ occupied a rather similar space, and /u/ was overwhelmingly identified as /Q/.
Token plots of Subject J's productions reveal remarkably homogeneous vowel-token clusters. The one exception was overlap of the tokens of/o/ and /m~however, listeners did not confuse these vowels.
Token plots of Subject M's productions revealed the smaller F 1-F2 frequency extent expected of a male voice. Nevertheless, the tokens occupied remarkably non-overlapping areas, with the exception of/~/, /A/ and /3.~listeners tended to identifi fA/ as J3x/ (2). Durational differences were generally in the directions expected for vowels of American English (3), although the expected differences between long and short vowels were smaller than expected, and the usually observed differences in duration with differences in openness were not always seen. Thus, for Subject F, /=/ was only slightly longer than IcI, and /u/ was only slightly longer than /m/. For Subject J, 1~1 was the same duration as /a/ and Ihl was longer than /u/. Finally, for Subject M /&/ was slightly shorter than /1/, and /a/ was shorter than /o/.
